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@ A noise suppressor is disclosed in which a noise 
signal is detected by a first detector, then processed 
by an adaptive filter, and an output signal from the 
adaptive filter and an audio signal from audio equip- 
ment are added by an adder and reproduced by a 
speaker. The sound signal thus reproduced by the 
speaker and the noise signal are detected by a 
second detector located at a listening point and sent 



to a filter control circuit. The filter control circuit 
processes the signal sent from the second detector 
and the audio signal from the audio equipment hav- 
ing a transfer function from the adder to the filter 
control circuit convoluted thereby to remove the 
audio signal component therefrom. The adaptive fil- 
ter adaptively controls the noise signal in response 
to the output signal from the filter control circuit. 
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This invention relates to a noise suppressor 
using an active noise control under a noisy envi- 
ronmental condition. 

Recently, the. active noise control method has 
been proposed in which an environmental noise is 
subjected to noise suppression at the listening 
point thereof by outputting a control sound signal 
from a speaker using the digital signal technology. 

A noise suppressor according to the prior art 
will be described below while referring to the draw- 
ings attached. 

-Rg. 4 Is a block diagram of a noise suppressor 
of the prior art. In Rg. 4, la and lb are micro- 
phones, 2 is an adaptive filter, 4 a speaker, and 8 a 
noise source. With the noise suppressor arranged 
as above, the operation thereof will be explained. 

A noise signal detected by the microphone 1a 
is inputted to the adaptive filter 2 for adaptive 
control. The signal thus adaptive ly controlled is 
reproduced by the speaker 4. The sound signal 
thus reproduced is interfered with a noise signal 
outputted from the noise source 8 to generate an 
interference sound signal. The interference sound 
signal thus generated is detected by the micro- 
phone 1b. The signal thus detected is sent to the 
adaptive filter 2 as a control signal by an algorism 
such as. for example, the LMS method. The adap- 
tive filter 2 performs the adaptive control so as to 
make the control signal small so that the noise 
signal at a position where the microphone lb is 
located can be canceled with the sound signal 
reproduced by the speaker 4. resulting in a reduc- 
tion in noise. 

Rg. 5 is a block diagram of a noise suppressor 
according to the prior art, which is typically applied 
in a space where an audio signal is to be repro- 
duced. In Rg. 5, la and 1b are microphones, 2 is 
an adaptive filter, 4a and 4b are speakers. 5 is 
audio equipment and 8 is a noise source. 

This noise suppressor has the same operation 
as that shown in Rg. 4. In this case, however, a 
sound signal detected by the microphone lb con- 
tains a noise signal from the noise source 8 and a 
canceling signal from the speaker 4 as well as 
additionally contains an audio signal from the 
speaker 4b. As a result, by being subjected to the 
influence of the audio signal which is independent 
of the noise signal to be inputted, a coefficient of 
the adaptive filter 2 cannot be convergently deter- 
mined or can be varied, resulting in an unstable 
operation of adaptive control. As a result, in some 
cases, the noise may not be sufficiently attenuated 
or addtionally increased on the contrary. 

Rg. 6 is a block diagram of a noise suppressor 
which has an adder to be used in combination with 
a speaker additionally to that shown in Rg. 5. In 
Rg. 6. la and 1b are microphones, 2 an adaptive 
filter, 3 an adder. 4 a speaker, 5 an audio device 



and 6 a noise source. 

Even in this case, the adaptive filter 2 cannot 
provide a stable adaptive control due to the influ- 
ence of an audio signal from the audio device 5 as 
5 pointed out in Rg. 5, resulting in occurring such a 
case that the noise is insufficiently attenuated or 
additionally increased. 

As explained above, with the noise suppressor 
according to the prior art, such a problem has been 

10 pointed out that when an audio signal is to be 
reproduced in a noisy environment, insufficient at- 
tenuation or unstable operation of adaptive control 
of a noise results. 

An object of this invention is to provide a noise 

75 suppressor in which whon an audio signal is to be 
reproduced in a noisy environment, a signal-to- 
noise (S/N) ratio is improved by attenuating a noise 
signal sufficiently and stably. 

In order to attain the above-mentioned object, a 

20 noise suppressor of this invention comprises a first 
detector for detecting a noise or a vibration of a 
noise source, an adaptive filter for processing the 
noise signal thus detected, an adder for adding an 
output signal from the adaptive filter and an audio 

25 signal from audio equipment, a speaker for re- 
producing an output signal from the adder, a sec- 
ond detector for detecting a sound signal at a 
listening point, a digital filter for processing an 
audio signal from the audio equipment, and a filter 

30 control circuit for computing a signal detected by 
the second detector and an output signal from the 
digital filter for controlling the adaptive filter and the 
digital filter. 

With the arrangement as shown above, a noise 

35 suppressor of this invention makes possible that 
the filter control circuit computes an output signal 
from the second detector and an output signal from 
the digital filter to remove the audio signal compo- 
nent so that the adaptive filter can perform the 

40 adaptive control with the noise signal component 
only, which means that, even when an audio signal 
is to be reproduced, attenuation of a noise signal 
can be made sufficiently and stably. 

Another noise suppressor of this invention in 

45 order to attain the above-mentioned object com- 
prises a first detector for detecting a noise or a 
vibration of a noise source., a first digital filter for 
processing the noise signal thus detected, an ad- 
der for adding an output signal from the first digital 

50 filter and an audio signal from audio equipment, a 
speaker for reproducing an output signal from the 
adder, a second detector for detecting a sound 
signal at a listening point, a second digital filter for 
processing an audio signal from the audio equip- 

55 ment. a computing circuit , for computing an audio 
signal from the audio equipment and an output 
signal from the second digital filter, a first switching 
circuit for effecting switching of an output signal 
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from the first detector and audio signal from the 
audio equipment, a coefficient control circuit for 
controlling a coefficient of the first digital filter and 
that of the second digital filter in response to an 
output signal from the first switching circuit and an s 
output signal from the computing circuit, and a 
second switching circuit for switching an output 
signal from the coefficient control circuit to the first 
digital filter or to the s^ond digital filter. 

. With the arrangement as shown above, another io 
noise suppressor of this invention makes possible 
that the computing circuit computes an output sig- 
nal from the second detector and that from the 
second digital filter to remove the audio signal 
component so that the coefficient control circuit 75 
can control a coefficient of the first digital filter with 
the noise signal component only, which means that 
even when an audio signal is to be reproduced, 
attenuation of a -noise signal can be made suffi- 
ciently and stably. : ' 20 

. Rg. 1 is a block diagram of a noise suppressor 
-showing an example of a first embodiment of this 
invention. ^ . . 

Rg. 2 is a block diagram of a noise suppressor 
showing another-, example of the first embodiment .25 
. of this invention. . ' = 

Rg.;3 is a block-diagram of .a noise suppressor 
showing an example of a second. embodiment of . 
this invention, . - ' 

. .Rg. 4 is a block diagram of a noise suppressor 30 
of the prior art. - • ' • • - - 

Figs. 5 and 6 each is a , block diagram of a < 
noise suppressor of the prior art. in which an audio 
signal is to be reproduced. 

• 'A noise suppressor according to a first embodi- . 35 
ment of this- invention will be described below while 
referring the drawings. - 

.Fig. 1 is a block diagram of a noise suppressor - 
showing an example of the first embodiment of this 
invention. In Fig. 1, 1a and lb are microphones, 2 40 
is an adaptive filter, 3 an adder, 4 a speaker, 5 . 
audio equipment such as a radio, an audio tape - 
player or an audio disc playen 6 a digital filter, 7a, 
. filter control circuit and 8 a noise source. 

With the arrangement as shown above, the 45 
operation of the noise suppressor will be explained. 
A noise signal detected by the microphone la is 
first sent to the adaptive filter 2 for. processing and 
inputted .to the. adder 3. On the other hand, an 
audio signal from the audio equipment 5 is inputted so 
to the adder 3. The noise signal and the audio 
signal are added . by the adder 3 and sent to the 
speaker 4 for- reproduction. The microphone lb 
detects the sound signal , thus reproduced by the 
speaker 4 and a noise signal from the noise source 65 
8 and inputs them to the filter control circuit 7. On 
the other hand, the audio signal from the audio 
equipment 5 is also inputted to the digital filter 6. 



The digital filter 6 approximates a transfer function 
from the adder 3 to the microphone 1 b. As a result, 
the audio signal convolutes the transfer function 
and outputted to the filter control circuit 7. The filter 
control circuit 7 subtracts an output signal of the 
digital filter 6 from an output signal from the micro- 
phone 1 b and the signal thus obtained is made as 
a control signal for the adaptive filter 2, This control 
signal has the audio signal component removed, so 
that the adaptive filter 2 performs the adaptive 
control with the noise signal component only. As a 
result, by minimizing the control signal, the noise 
signal can be attenuated at a listening .point where 
the microphone lb is located. 

As explained above, the noise suppressor of 
this embodiment makes possible that the filter con- 
trol circuit 7 subtracts an output signal of the digital 
filter 6 approximafing a transfer function from the 
adder 3 . to the microphone 1 b from a detected 
signal by the microphone 1 b to generate a control 
signal for the. adaptive filter 2, which does not 
contain the audio signal component, and the adap- 
five filter 2 performs the adapfive control with the 
control signal containing the noise signal compo- 

' nent. only, so that the noise signal can be attenu- 
ated sufficiently and stably. - 

Next, another example of the first embodiment 

..will be described below by referring to.the drawing. 
.Fig. 2 is a block diagram of a noise. suppressor 
showing another example of . this embodiment. In 
fig. 2, la and lb are microphones; 2a and 2b 
adaptive filters, 3 an adder, 4 a speaker, 5 audio 
equipment, 8 a noise source 9 a computing circuit. 
10 a switch and 11 .a switch control circuit. 

■: With the arrangement as shown above, the 
operation of this noise suppressor will be explained 
below. For the sake of simplificafion, the explana- 
tion will be made on the case when an engine 
noise within a car room is to be canceled. This 
means that the noise source 8 is an engine. Rrst, 
the switch control circuit 11 is controlled so that the 
switch. 1 0 is switched to the b-side while being the 
engine 8 OFF, and- the audio equipment 5 is acted 
on. An audio signal outputted from the audio equip- 
ment 5 is sent through the adder 3 to the speaker 
4 for reproduction. The signal thus reproduced by 
the speaker 4 is" converted by the microphone lb 
into an electric signal to be sent to the computing 
circuit 9. On the other hand, the audio signal from 
the audio equipment 5 is inputted to . the adaptive 
filter 2b, and the output signal from the adaptive 
filter 2b is sent to the computing circuit 9. The 
computing circuit 9 computes the detected signal 
by the microphone lb and the output signal from 
the adaptive filter 2b and the signal thus obtained 
is sent to the adaptive filter 2b as a control signal 
for adaptive control. In this case, the adaptive filter 
2b adaptively controls so that the control signal 
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thus sent from the computing circuit 9 is attenu- 
ated. 

Next the audio equipment 5 is ceased to op- 
erate, the switch control circuit 1 1 is controlled so 
that the switch 10 is switched to the a-side, and the 5 
engine 8 is turned ON. Then, the microphone 1a 
detects an engine noise generated from the engine 

8. The noise signal thus detected is processed by 
the adaptive filter 2a; and inputted via the adder 3 

to the speaker 4 for reproduction. On the other io 
hand, the engine noise generated from the engine 
8 is detected by the microphone 1 b located at the 
listening point. At the same time, it detects the 
reproduced sound signal from the speaker 4. The 
signal thus detected is provided via the computing 75 
circuit 9 to the adaptive filter 2a as a control signal 
thereof. The adaptive filter 2a performs the adap- 
tive control so that the control signal thus provided 
is attenuated. As a result, the engine noise at the 
listening point can be canceled with the sound 20 
signal reproduced by the speaker 4. 

At the time point when the above-mentioned 
control is completed, the audio equipment 5 is 
acted on. Then, the audio signal from the audio 
equipment 5 and the output signal from the adap- 25 
tive filter 2a are added by the adder 3 and sent to 
the speaker 4 for reproduction. The sound signal 
thus reproduced by the speaker 4 and the engine - 
noise from the engine 8 are detected by the micro- 
phone 1b and sent to the computing circuit 9. On 30 
■ the other hand, the audio signal of the audio equip- 
ment 5 is subjected to signal processing by the 
adaptive filter 2b and sent to the computing circuit 

9. Accordingly, as explained above, by effecting 

the adaptive filter 2b and the computing circuit 9, 35 
the output signal frorh the computing circuit 9 does 
not contain the audio signal component, so that the 
adaptive filter 2 performs the adaptive control with 
the engine noise component only. As a result, even 
when - an audio signal is to be reproduced, the 40 
adaptive filter 2a operates in the same manner as 
in case that it is not to be reproduced. 

As explained above, the noise suppressor 
showing another example of the first embodiment 
makes possible that an output signal from the 45 
computing circuit 9 Is controlled so as not to con- 
tain the audio signal component by effecting the 
adaptive filter 2b and the computing circuit 9 and 
the adaptive filter 2a performs the adaptive control 
with the engine noise component only, thus being so 
capable of providing a sufficient and stable attenu- 
ation of a noise. 

In addition, it is clear from the above-men- 
tioned explanation that if the identification of the 
adaptive filter 2b is completed, the identification of 55 
the adaptive filter 2a may be carried out while the 
audio equipment 5 is in operation. Further in addi- 
tion, the noise to be canceled is not limited to 
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those generated from a car vehicle, any one by 
various noise sources may be targeted. 

Next, a noise suppressor showing an example 
of a second embodiment of this invention will be 
described belov/ while referring to the drawing. 

F^g. 3 is a block diagram of a noise suppressor 
showing an example of the second embodiment. In 
Rg. 3, la and 1b are microphones. 3 an adder, 4 a 
speaker. 5 audio equipment. 6a and 6b digital filter, 
8 a noise source, 9 a computing circuit, 10a and 
10b switches, 11 a switch control circuit and 12 a 
coefficient control circuit. 

With the arrangement as shown above, the 
operation will be explained below. For the sake of 
simplification, the explanation will be made on the 
case when an engine noise within a car room is to 
be canceled. That is^ the noise source 8 is an 
engine. Rrst the switch control circuit 1 1 Is con- 
trolled so that the switches 10a and 10b are 
switched to the respective t)-sides while being the 
engine 8 OFF. and the audio equipment 5 is op- 
erated- An audio signal outputted from the audio 
= equipment 5 is sent through the adder 3 to the 
speaker 4 for reproduction. The signal thus repro- 
duced by the speaker 4 is converted by the micro- 
phone lb Into an electric signal to-be sent to the 
computing circuit 9. On the other hand, the audio 
signal from the audio equipment 5 is inputted to 
the digital filter 6b, and the output signal from the 
adaptive filter 6b is sent to the computing circuit 9. 
The computing circuit 9 computes the electric sig- 
nal sent from the microphone lb and the output 
signal from the digital filter 6b and tiie signal thus 
obtained is sent to the coefficient control circuit 12. 
The coefficient control circuit 12 processes the 
output signai from the computing circuit 9 and the 
audio signal from the audio equipment 5 to obtain 
a coefficient of the digital filter 6b. In this case, the 
coefficient control circuit 12 operates so that the 
signal sent from the computing circuit 9 is mini- 
mized. So operating that the audio signai compo- 
nent of the output signal from the computing circuit 
9 is attenuated. 

Next, the switch control circuit 1 1 is controlled 
so tiiat the switches 10a and 10b are switched to 
tiie respective a-sides and the engine 8 is turned 
ON. Then, the microphone la detects an engine 
noise generated from the engine 8. The engine 
noise thus detected is processed by the digital 
filter 6a and sent to the adder 3. In the adder 3. the 
audio signal from the audio equipment 5 and the 
output signal firom the digital filter 6a are added to 
each other and sent to the speaker 4 for reproduc- 
tion. The reproduced signal by tiie speaker 4 and 
tiie engine noise from the engine 8 are detected by 
tiie microphone 1b to be sent to the computing 
circuit 9. On the other hand, the audio signal from 
the audio equipment 5 is subjected to signai pro- 
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cessing by the digital filter 6b to be sent to the 
computing circuit 9. Then, as explained above, by 
effecting the digital filter 6b and the computing 
circuit 9. the output signal from the operation circuit 
9 does not contain the audio signal component, 
and the coefficient control circuit 1 2 operates so as 
to minimize the engine noise component of the 
output signal from the computing circuit 9. Thus, 
the coefficient of the digital filter 6a is obtained to 
attenuate the engine noise. 

As described above, according to this embodi- 
ment, by effecting the digital filter. 6b. the comput- 
ing circuit 9 and the coefficient control circuit 12. 
an output signal from the computing circuit 9 is 
controlled so as not to contain the audio signal 
component, and the digital filter 6 a and the coeffi- 
cient control circuit 12 perform the adaptive control 
with the engine noise component only, thus toeing 
capable of attenuating the engine noise sufficiently 
and stably. 

In addition, the noise to be -canceled is not 
limited to those generated from a car vehicle, any 
one. of various noise sources may be targeted as a 
noise source. • - . 

Claims 

.1. A noise suppressor comprising: a first detector 
- for detecting a noise or a vibration of a noise 
. source; - - . ■ . 

: an adaptive filter for processing a noise 
. , signal detected by said first detector; 
, , - an adder for- adding an output signal from 
said adaptive filter and an audio signal output- 
ted from audio equipment; 
.. . - a speaker for reproducing an output signal 
-from said adder; 

a second detector for detecting a sound 
signal at a listening point; 

a digital filter for processing an audio sig- 
nal outputted from said audio equipment; and 

a filter control circuit for processing a sig- 
nal detected by said second detector and an 
output signal from said digital filter for control- 
. ling said adaptive filter and said digital filter. 

2. A noise suppressor as claimed in claim 1, 
wherein said digital filter approximates, a trans- 
fer function from said adder to said filter con- 
; - trol circuit. 

3..- A noise suppressor as claimed in claim 1, 
wherein said digital filter is another adaptive 
filter. . - ' . 

4. A noise suppressor as claimed in claim 3, 
wherein said filter control circuit comprises: 
a computing circuit for computing a signal 



detected by said second detector and an out- 
put signal from said another adaptive filter; and 
a switching .circuit for selecting a signal 
thus obtained by said computing circuit to out- 
5 put to either said adaptive filter.or said another 

adaptive filter. 

„ 5. A noise suppressor comprising: 

a first detector for detecting a noise or a 
10 .vibration of a noise source; 

a first digital filter for processing a noise 
signal detected by said first detector; 

an adder for adding an output signal from 
said first digital filter and an audio signal from 
1,5 audio equipment; 

a speaker for reproducing an output signal 
.from said. adder; 

• a second detector for detecting a sound 
.signal at a.Jistening point; 
20 a second digital filter.' for processing an 

audio signal outputted from said audio equip- 
ment: r : 

a computing circuit for computing a signal 
detected by said second .detector, and an out- 
25 put signal from said second digital filter; 

a first switching circuit for effecting switch- 
ing of an output signal from said first detector 
and an audio signal from said^audio equip- 
. , ment; - . • - 

5o;. . • , a coefficient controhcircuit for controlling a 
: . . . coefficient of said first digital, filter and that of 
:. second digital filter, in response to an output 

" . signal from said: first switch, circuit and that 
. . from said computing circuit; and 

35 , : : . a second switching circuit .for switching an 
. ; output signal from said 'coefficient control cir- 
cuit to said first and second digital filters. 

6, A noise suppressor as claimed in claim 5, 
40 wherein when said first switching circuit is 

switched as to receive an audio . signal from 
said audio equipment and said second switch- 
ing circuit is switched to said second digital 
filter, a coefficient of said second digital filter is 
45 controlled by said coefficient control circuit, 

— and when said- first, switching circuit is 
switched as to receive an output signal from 
, said first detector and said, second .switching 
circuit is switched to. said first digital filter, a 
50 coefficient of said first digital filter is controlled 

by said coefficient control circuit, thereby ef- 
fecting a noise suppression.. 



55 



EP 0 461 801 A2 





BNSDOCID: <EP 0461801 A2J_> 



8 



EP 0 461 801 A2 




9 



EP 0 461 801 A2 




BNSDOCID: <eP_046180lA2J_> 



10 




Qxicrw^irv -co n^ctonfAo i 



11 



® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



Publication number: 



0 461 801 A3 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 91305066.2 


@ Int. CI A H04R 3/00, G10K 11/16 


@ Date of filing: 05.06.91 




® Priority: 11.08.90 JP 151949/90 


Dalto-shi, Osaka-fu, 574(JP) 




Inventor: Nakama, Yasutoshi 


@ Date of publication of application: 


1658-499, Kitatawara-cho 


18.12.91 Bulletin 91/51 


Ikoma-shi, Nara-ken 630-01 (JP) 




Inventor: Suzuki, Tomakazu 


@ Designated Contracting States: 


1-4-40-618, NonakaminamI, Yodogawa-ku 


DE FR GB IT 


Osaka-sht, Osaka-fu 532(JP) 




Inventor: Terai, Kenichi 


@ Date of deferred publication of the search report: 


2-chome, 1-3-1306, Shiginonisiii 


25.11.92 Bulletin 92/48 


Joutou-ku, Osaka-shi, Osaka-fu 536(JP) 




Inventor: Suzuki, Ryoji 




3-1-31-2, Hikita-cho 


0 Applicant: MATSUSHITA ELECTRIC 


Nara-shi, Nara-ken 631 (JP) 


INDUSTRIAL CO., LTD. 




1006, Oaza Kadoma 


® Representative: Crawford, Andrew Birkby et al 


Kadoma-shi, Osaka-fu, 571 (JP) 




A.A. THORNTON & CO. Northumberland 


© Inventor: Hashimoto, Hiroyuki 


House 303-306 High Holborn 


1-7-18, Morofuku 


London WC1V 7LE(GB) 



® Noise suppressor circuit for audio equtpmenL 



C9 
< 



00 



CO 



® A noise suppressor is disclosed in which a noise 
signal is detected by a first detector, then processed 
by an adaptive filter, and an output signal from the 
adaptive filter and an audio signal from audio equip- 
ment are added by an adder and reproduced by a 
speaker. The sound signal thus reproduced by the 
speaker and the noise signal are detected by a 
second detector located at a listening point and sent 



to a filter control circuit. The filter control circuit 
processes the signal sent from the second detector 
and the audio signal from the audio equipment hav- 
ing a transfer function from the adder to the filter 
control circuit convoluted thereby to remove the 
audio signal component therefrom. The adaptive fil- 
ter adaptively controls the noise signal in response 
to the output signal from the filter control circuit. 
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